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(57) Abstract: The invention comprises a system and method of calibrating a reflected spectral imaging apparatus used for analysis 
of living tissue. In addition to the reflected spectral imaging apparatus itself, the calibration apparatus comprises an optical filter 
that is placed between the light source used in the imaging apparatus and the object under analysis, and a calibration module. The 
filter is fabricated such that when the light is passed through the filter, an image is projected onto the focal plane where imaging is to 
take place within the object. The image projected by the filler comprises a plurality of areas, each having a different known optical 
density. For each area, the calibration module measures the intensity of the light reflected from the area and maps the light intensity 
measurement to the optical density known to be present at the area. This correspondence of light intensity measurements and known 
optical densities is then used to calibrate the reflected spectral imaging apparatus. 
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System and Method for Calibrating a Reflection Imaging 

Spectrophotometer 

Background of the Invention 

Field of the Invention 

The present invention is related to reflected light analysis. More 
particularly, the present invention is related to calibration of a reflection imaging 
spectrophotometer. 

Related Art 

Quantitative spectrophotometry requires a means for calibrating the 
detection subsystem of the spectrophotometer and for verification of the 
calibration. One approach to calibration involves the insertion of two or more 
standards of known reflectance in the measurement path and measuring the 
resultant detected signals from each. These standards may include, for example, 
a blank (i.e., a standard with zero absorption and full reflectance) plus one or more 
standards having other known optical densities. 

Such an approach is complicated by the fact that the nature of the 
reflecting surface may influence the result. Thus, a standard reflecting surface is 
typically needed in addition to the optical density calibration standards themselves. 
Transfer of calibration from one reflecting surface to another, however, is not 
generally possible. A reflection imaging spectrophotometer that is calibrated with 
respect to one reflecting surface will not necessarily be calibrated correctly with 
respect to another reflecting surface. Hence a reflection imaging 
spectrophotometer that is calibrated with respect to some standard reflecting 
surface will not necessarily be calibrated correctly with respect to an actual 
subject. Moreover, control of the reflecting surface is not possible when 
performing reflection imaging spectrophotometry of living human tissue. A 
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method is therefore needed to provide standards for calibration of reflection 
imaging spectrophotometers intended for such applications. 

Summary of the Invention 

The invention comprises a system and method for calibrating a reflected 
spectral imaging apparatus, such as a reflection imaging spectrophotometer, used 
for analysis of living tissue. In addition to the reflected spectral imaging apparatus 
itself, the calibration apparatus includes an optical filter that is placed between the 
light source used in the imaging apparatus and the object under analysis, and a 
calibration module. The filter is fabricated such that when the light is passed 
through the filter, an image is projected onto the focal plane where imaging is to 
take place within the object. The image projected by the filter comprises a 
plurality of areas, each having a different known optical density. For each area, 
the calibration module measures the intensity of the light reflected from the area. 
The calibration module then maps the area's light intensity measurement to the 
optical density known to be present at the area. This correspondence of multiple 
light intensity measurements with known optical densities is used to calibrate the 
reflected spectral imaging apparatus. 

Features and Advantages 

It is a feature of the present invention that it provides for calibration of a 
reflection imaging spectrophotometer in a manner that takes into account the 
nature of the reflecting surface of the specific object being imaged. Hence 
calibration of the spectrophotometer, when performed according to the invention, 
is adapted to the object being imaged. 

Because the calibration takes into account the nature of the reflecting 
surface of the specific object being imaged, it is an advantage of the invention that 
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the calibration is adaptable to subsequent objects that may be imaged. The 
invention permits ready recalibration of the spectrophotometer. 

It is a further advantage of the invention that calibration of the 
spectrophotometer is performed in a non-invasive manner with respect to the 
5 object being imaged. As a consequence, the object being imaged suffers no 

damage during the calibration process. 

Because the calibration is non-invasive, it is a further advantage of the 
invention that, when imaging human tissue in vivo, no discomfort is caused in the 
patient by the calibration process. 

10 Brief Description of the Figures 

The foregoing and other features and advantages of the invention will be 
apparent from the following, more particular description of a preferred 
embodiment of the invention, as illustrated in the accompanying drawings. 

FIG. 1 is a block diagram depicting the general structure and operation of 
15 an embodiment of a reflection imaging spectrophotometer. 

FIG. 2 is a more detailed diagram depicting the structure and operation of 
an embodiment of a reflection imaging spectrophotometer that includes an optical 
filter used for calibration purposes, according to an embodiment of the invention. 
FIG. 3 is an illustration of an image projected onto a region of tissue by an 
20 exemplary optical filter, according to an embodiment of the invention. 

FIG. 4 is a flowchart illustrating the process of calibrating a reflection 
imaging spectrophotometer, according to an embodiment of the invention. 

FIG. 5 illustrates a generic computer system which may be used to perform 
some of the operations required for calibration, according to an embodiment of the 
25 invention. 
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Detailed Description of the Preferred Embodiments 

L Overview 

A. Present invention 

5 The present invention represents a system and method for calibrating a 

reflected spectral imaging apparatus, such as a reflection imaging 
spectrophotometer. Calibration is performed by inserting an optical filter into the 
light path of the spectrophotometer between the light source and the object being 
imaged. The filter is comprised of multiple areas which project corresponding 
10 areas on a focal plane at the object. The filter is fabricated such that the areas 

projected on the focal plane have different, known optical densities. The intensity 
of light returned from each of these areas is measured. The correspondence 
between the measured light intensity and the known optical density at each area 
is then used to calibrate the spectrophotometer. 
1 5 This calibration technique is particularly well-suited to reflection imaging 

spectrophotometry of living tissue. Calibration of a spectrophotometer requires 
the use of two or more optical density standards as well as a standard reflecting 
surface, as discussed above. The use of physical standards is not feasible when 
imaging living tissue below the surface. Insertion of such standards at the point 
20 where imaging is to take place would likely damage the tissue and, in the case of 

human tissue, injure the patient. Nor is control of the reflecting surface feasible 
in the case of living tissue. The present invention provides for calibration by using 
optically projected standards rather than physical ones, so that calibration of the 
spectrophotometer may be performed non-invasively, like the imaging process 
25 itself. Moreover, the standard reflecting surface is that of the actual surface being 

imaged, so that the use of a separate standard reflecting surface is not necessary. 
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B. Reflection image spectrophotometry 

In general terms, a reflection image spectrophotometer is a non-invasive 
apparatus for analyzing physical matter. The spectrophotometer comprises means 
for illumination of an object to be imaged, such as a region of living human tissue, 
5 and for analysis of the light that is returned. Light which is returned from the 

object will have been affected by its interaction with the object. Depending on the 
properties of the object, certain frequencies of the light will have been absorbed 
or attenuated. By precisely analyzing the properties of the returned light, 
inferences can be made as to the properties of the object without having to 
10 perform invasive inspection. 

1. Apparatus 

FIG. 1 shows a block diagram illustrating one embodiment of a reflection 
image spectrophotometer used for non-invasive analysis of an object. Apparatus 
1 00 includes a light source 1 02 for illuminating an object under analysis, shown 

15 generally at 104. Although one light source is shown, it is to be understood that 

the present invention is not limited to the use of one light source, and more than 
one light source can be used. Where more than one light source is used, each light 
source can be monochromatic or polychromatic. Light source 102 can be a light 
capable of being pulsed, or a non-pulsed light source providing continuous light, 

20 or one capable of either type of operation. Light source 102, can include, for 

example, a pulsed xenon arc light, a mercury arc light, a halogen light, a tungsten 
light, a laser, a laser diode, or a light emitting diode (LED). Light source 1 02 can 
be a source for coherent light, or a source for incoherent light. 

A first polarizer 1 1 0 is placed between light source 1 02 and object under 

25 analysis 104. A second polarizer or analyzer 120 is placed in the reflected light 

path between object 1 04 and an image separating means 140. Polarizers 1 10 and 
120 preferably have planes of polarization oriented 90° relative to each other. 
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In one embodiment of a reflection imaging spectrophotometer, the light 
source and first polarizer may be combined so that a separate first polarizer 110 
is not required. In such an embodiment, light source 1 02 is a source of polarized 
light, for example, a laser or a laser diode, and second polarizer 120 has a plane 
of polarization oriented 90 ° relative to the plane of polarization of polarized light 
source 102. 

The output from the second polarizer 120, a polarized reflected image, is 
connected to image separating means 140, which separates the image into two or 
more image portions. Each image portion is routed to an image capturing means, 
such as image capturing means 160, 170, and 165. The output of each image 
capturing means is coupled to an image correcting and analyzing means 180. The 
output of the image correcting and analyzing means 1 80 is connected to a display 
190. 

A more detailed illustration of such a reflection image spectrophotometer 
is presented in FIG. 2. A light path 202 is formed between a light source 204 and 
an object 206 to be analyzed (such as living tissue), as directed by a beam splitter 
208. A reflected light path 210 proceeds from object 206 to image capturing 
modules 212 and 214. Suitable image capturing means include, but are not limited 
to, a camera, a film medium, a charge coupled device (CCD) camera, or a 
complementary metallic oxide semiconductor (CMOS) camera. 

A first polarizer 21 6 is placed in light path 202 between light source 204 
andobject206. First polarizer 2 16 has a plane of polarization indicated generally 
by an arrow 218 which is shown pointing into the plane of the figure. A second 
polarizer or analyzer 220 is placed in reflected light path 2 1 0 between object 206 
and image capturing modules 212 and 214. Second polarizer 220 has a plane of 
polarization shown generally at 222. As shown in FIG. 2, planes of polarization 
2 1 8 and 222 are oriented 90° relative to each other. Polarizers, such as polarizers 
2 1 6 and 220, having planes of polarization oriented 90 ° relative to each other, are 
referred to herein as "cross-polarizers". 
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Focusing lenses 224 can be placed on either side of first polarizer 2 1 6. A 
heat rejection filter 226 is preferably placed in front of light source 204. An 
objective lens 228 is placed co-axially in light path 202 and reflected light path 
210. Image capturing modules 212 and 2 1 4 are located in magnified image planes 
of objective lens 228. 

An image separator 230 is placed in reflected light path 210 between 
second polarizer 220 and image capturing means 212, for separating the reflected 
image into a first portion 232 and a second portion 234. It is to be understood 
that image separator 230 can separate the reflected image into a plurality of 
portions, and is not limited to two portions. First portion 232 of the reflected 
image is routed to first image capturing module 212. Second portion 234 is 
routed to second image capturing module 214. Second image capturing module 
214 can be the same type of device as image capturing module 212 or it can be 
different. In alternative embodiments, additional image capturing modules can be 
used to capture further image portions separated by image separating module 230. 
Alternatively, a single image capturing module can be used to capture both first 
portion 232 and second portion 234 of the reflected image. 

A spectral selector 236 can be placed in reflected light path 210 between 
second polarizer 220 and image capturing means 2 1 2. Spectral selector 236 can 
be, for example, a monochromator, a spectral filter, prism, or grating. Similarly, 
a spectral selector 238 can be placed in reflected light path 210 between second 
polarizer 220 and second image capturing module 2 1 4. Spectral selector 238 can 
likewise be, for example, a monochromator, a spectral filter, prism, or grating. 
The center values for spectral selectors 236 and 238 can be chosen based upon the 
type of analysis to be conducted. 

Image capturing module 212 is coupled to an image correcting and 
analyzing module 240. Image correcting and analyzing module 240 can be a 
computer or other type of processing system (explained in more detail below with 
respect to FIG. 5). Similarly, image capturing module 214 is coupled to image 
correcting and analyzing module 240. 
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In an embodiment of the present invention, optical filter 242 is placed in 
the light path 202 between light source 204 and object 206 for purposes of 
calibration of the reflection image spectrophotometer, and will be discussed in 
greater detail below. The optical filter must be positioned in the path of the light, 
between the light source and the object under analysis. FIG. 2 depicts an 
embodiment of the invention where an optical filter 242 is placed between heat 
rejection filter 226 and lenses 224. In other embodiments of the invention, the 
filter may be placed elsewhere in the path between the light source and the object 
under analysis. The filter must, however, be placed so as to project a focused 
image within the object at the focal plane where imaging is to take place. 

2. Operation 

Operation of the illustrated reflection imaging spectrophotometer begins 
with the imaging of an object to produce a raw reflected image. Light originating 
from light source 204 first travels along path 202, where it passes through heat 
rejection filter 226. The purpose of heat rejection filter 226 is to block out infra- 
red wavelengths. In the depicted embodiment, the light then passes through 
optical filter 242 so as to project an image, for purposes of calibration of the 
spectrophotometer, on the object under analysis 206. The use of this image for 
calibration is described below in section VI. 

The light from light source 204 then passes through focusing lenses 224 
and first polarizer 216. The light is polarized in a first direction 2 1 8 by polarizer 
216. Polarized light from light source 204 is then directed by beam splitter 208 
through objective lens 228, towards object 206. The light then impinges on and 
is reflected from object 206 in direction 21 0. When using the apparatus to image 
human vascular tissue, the tissue covering the imaged portion should be 
transparent and must be traversed by light to obtain a reflected image without 
multiple scattering. The reflected image is essentially from a single scattering of 
the reflected light. In this manner, light from light source 204 penetrates the 
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mucosal membrane to produce a raw reflected image of the microvascular system. 
The reflected image is reflected from a depth less than the multiple scattering 
length, then passes through objective lens 228, which magnifies the reflected 
image. 

5 The reflected light contains both polarized and unpolarized components. 

The Rayleigh scattering component of the reflected light is unpolarized. The 
mirror reflection component and the rough surface scattering component retain the 
polarization from polarizer 216. When the reflected light passes through second 
polarizer 220, which is oriented in a direction 222 that is rotated 90° relative to 

10 first direction 218, the mirror reflection component and the rough surface 

component are extinguished. Therefore, the only component of reflected light that 
passes through second polarizer 220 is the unpolarized Rayleigh scattering 
component. Rayleigh scattering provides a virtual backlighting effect that 
significantly increases the contrast and visualization of reflected images, and better 

15 enables the performance of quantitative analyses using reflected images. 

Image separator 230 is placed in reflected light path 210 after second 
polarizer 220 for separating the reflected image into a first portion 232 and a 
second portion 234. The portions 232 and 234 then pass through spectral 
selectors 236 and 238 respectively. First portion 232 of the reflected image is 

20 captured by first image capturing module 212. Second portion 234 is captured by 

second image capturing module 214. 

Image capturing module 212 is coupled to an image correcting and 
analyzing module 240. A signal 262 representing the reflected image captured by 
image capturing module 212 is sent by image capturing module 212 and received 

25 by image correcting and analyzing module 240. Similarly, image capturing module 

214 is coupled to image correcting and analyzing module 240. A signal 272 
representing the reflected image captured by image capturing module 2 14 is sent 
by image capturing module 214 and received by image correcting and analyzing 
module 240. Image correcting and analyzing module 240 carries out the 

30 correction and analysis of the reflected image received, and can be a computer or 
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other type of processing system (explained in more detail below with respect to 
FIG. 5). Image correcting and analyzing module 240 can be configured to carry 
out these steps through hardware, software, or a combination of hardware and 
software. 

To perform image correction, image correcting and analyzing module 240 
may, in an embodiment of the invention, apply a correction function to the raw 
reflected image to normalize it with respect to the background. For example, a 
poly-chromatic correction, such as a bi-chromatic correction, can be used to 
eliminate the effects of light intensity, depth, and angle of light from the corrected 
reflected image. A poly-chromatic correction can eliminate the effect of 
pigmentation of the tissue through which the light travels to illuminate the imaged 
portion of the vascular system. The tissue pigmentation will affect some 
wavelengths of light in the same manner, so that the tissue pigmentation effect is 
canceled out through use of a poly-chromatic correction. Alternatively, a velocity 
correction could be applied to extract moving cells from a stationary background. 
The velocity correction could be used alone, or in conjunction with, a poly- 
chromatic correction. 

Image correcting and analyzing module 240 may also perform 
segmentation of an image. In such a process, a scene is segmented from the 
corrected reflected image to form an analysis image. The analysis image is formed 
so that it contains the subject matter needed for analyzing a characteristic of obj ect 
206. In the case of human vascular tissue, or example, the characteristic to be 
analyzed may be one for which large vessels should be analyzed, such as 
hemoglobin concentration per unit volume of blood, or the number of white blood 
cells per unit volume of blood. For these characteristics, the analysis image that 
contains large vessels is formed in part by the segmentation process. As another 
example, the characteristic to be analyzed may be one for which small vessels 
should be analyzed, such as the number of platelets per unit volume of blood, or 
the concentration per unit volume of blood of components in capillary plasma, 
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such as bilirubin. For these characteristics, the analysis image that contains small 
vessels is formed. 

In an alternate embodiment of a reflection imaging spectrophotometer, the 
scene can be segmented from the raw reflected image, and the scene then 
corrected to form the analysis image. The correction function may also be omitted 
entirely, so that the analysis image is formed from the raw reflected image. 

Finally, image correcting and analyzing module 240 performs analysis of 
the analysis image with respect to one or more characteristics of the object 206. 

C. Application of the present invention to reflection image 
spectrophotometry 

The purpose of the present invention is to allow calibration of the 
spectrophotometer so that analysis may be performed accurately. The 
spectrophotometer must be able to determine the exact optical density at specific 
points of the object under examination. It is this determination that permits 
quantitative analysis of cellular and chemical components of the blood in vivo. 
Optical density, however, must be determined by measuring the intensity of light 
reflected from those points of the object under analysis. The light intensity 
measurement is used to the determine the optical density. 

The correlation between measured light intensity and optical density, 
however, may differ from patient to patient and tissue to tissue. To make the 
proper correlation between a measured light intensity and an optical density for 
a given object under analysis, calibration of the spectrophotometer must first be 
performed. Such a calibration establishes the necessary correlation, i.e., the 
proper mapping between light intensity values and optical density values. The 
present invention provides a system and method for performing this mapping, by 
allowing the spectrophotometer to measure the light intensity emanating from 
areas of known optical density, i.e., the areas projected by the optical filter. Once 
intensity measurements are made and correlated to known optical densities at two 
or more points, then calibration can be performed. 
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II. Construction and placement of optical fitter 

An optical filter must first be created, one that will be used to project an 
image on a focal plane at the obj ect under analysis. The filter must be constructed 
such that the image projected by passing light through the filter has two or more 
areas of different known optical densities. FIG. 3 is an illustration of an image 300 
projected by an optical filter that has been constructed according to an 
embodiment of the invention. Image 300 comprises an annular ring 302, a smaller 
concentric ring 304, and a cross 306. The optical filter has been constructed so 
that ring 302 has an optical density of 1.00, ring 304 has an optical density of 
0.50, and cross 306 has an optical density of 3.00. In alternative embodiments, 
the optical filter may be constructed so that the projected image contains areas 
having shapes and sizes other than what are portrayed in FIG. 3. In alternative 
embodiments, moreover, the proj ected areas may have optical densities other than 
those portrayed in FIG. 3. In any embodiment of the invention, however, the 
optical filter must be constructed so that projected areas of the image have two or 
more known optical densities. Construction of such a filter can be performed with 
conventional photolithographic techniques. Such techniques are well known to 
persons skilled in the relevant art. Moreover, optical filters similar to those 
described herein are readily available commercially. 

Once created, the optical filter must be placed in the light path of the 
reflection image spectrophotometer in order to calibrate it. The optical filter must 
be positioned in the path of the light, between the light source and the object 
under analysis. FIG. 2 depicts an embodiment of the invention where optical filter 
242 is placed between heat rejection filter 226 and lenses 224. In other 
embodiments of the invention, the filter may be placed elsewhere in the path 
between the light source and the object under analysis. The filter must, however, 
be placed so as to project a focused image within the object at the focal plane 
where imaging is to take place. 
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Note that in an embodiment of the invention, the optical filter is 
constructed so as to project an image that is optically neutral with respect to a 
plurality of wavelengths. The image from such a filter will thus be composed of 
areas, each with an optical density that is constant for all such wavelengths. This 
results in a projected image that can be used to calibrate each of the channels of 
a bi-chromatic or multispectral reflection image spectrophotometer whose light 
source produces these wavelengths. 

Note also that if the optical filter is constructed so as to project a reticle- 
shaped image such as that in FIG. 3, the filter can serve a secondary purpose, 
apart from calibration. A well-defined image proj ected by such a filter can be used 
to align the images from two or more independent imaging channels. Such images 
may have been captured at different times, for example. This alignment is also 
known as registration. By registering the cross hairs on the respective 
independent images, precise superpositioning of such images is possible during 
analysis. Registration permits comparison of specific points or regions, so that 
differences or changes between the two images at those points may be identified. 
Moreover, in alternative embodiments of the invention, any filter may serve this 
purpose if its image is well defined and if it projects two or more reference points 
so as to allow registration of multiple images. 

IIL Measurement of intensity at projected areas 

Referring again to FIG. 2, light originating from light source 204 returns 
from object 206 under analysis (such as tissue) to image capturing devices 212 
and 214. The areas projected by optical filter 242 onto a focal plane of object 206 
also return light to image capturing devices 2 1 2 and 214. The intensity of the light 
reflected from the projected areas is measured by image correction and analysis 
module 240. For purposes of calibration, these measurements will ultimately be 
mapped to the known optical density values of the projected areas. 
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IV. Mapping of measured intensities to optical densities 

Calibration of the spectrophotometer requires that a plurality of measured 
light intensity values be correlated with known optical densities. Once the 
measured light intensity values are mapped to the corresponding optical densities, 
calibration may proceed. 

For each area projected by an optical filter, the light intensity measured 
for that area is mapped to the optical density value known for that area. Referring 
to FIG. 3, the intensity of the light reflected from ring 302 is recorded. This 
intensity is then mapped to an optical density of 1 .00. Similarly, the intensity of 
the light reflected from ring 304 is mapped to an optical density of 0.50, and the 
intensity of the light reflected from cross 306 is mapped to an optical density of 
3.00. 

V. Calibration 

The associations between measured intensity values and known optical 
density values are then used to perform calibration. At this point, intensity 
measurements have been taken at areas of the object under analysis where an 
image has been projected by an optical filter. The various areas of the projected 
image have known optical densities. The image correction/analysis module 240, 
illustrated in FIG. 2, can now be calibrated, given that a plurality of intensity 
measurements are now known to correspond to specific optical densities. 

VI. Calibration process summary 

A summary of the calibration process according to an embodiment of the 
invention is illustrated in FIG. 4. In step 404 an optical filter is fabricated, having 
the properties described above in section II. Such a filter may be fabricated using 
known photolithographic methods that are well known to persons of ordinary skill 
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in the relevant art. In step 406, the filter is placed in the light path between the 
illumination source and the object (such as tissue) under analysis. The filter must 
be positioned so as to project a focused image at the plane in the object where 
imaging is to take place. In step 408, for each area projected by the optical filter 
5 on to the object under analysis, the intensity of the light returned to the image 

correction and analysis module is measured. In step 410, for each area projected 
by an optical filter, the light intensity measured in step 408 for the area is mapped 
to the optical density known for that area. In step 412, the mapping established 
in step 410 is used to calibrate the image correction and analysis module of the 
10 spectrophotometer. 

VIL Environment 

The steps of optical filter creation (step 404), measurement of light 
intensity (step 408), mapping of measured light intensities to known optical 
densities (step 410), and use of this mapping for calibration (step 412) may be 
15 performed by hardware, software, human intervention, or some combination 

thereof. 

An exemplary computer system for performing any of these steps is shown 
as a computer system 500 in FIG. 5. Computer system 500 includes one or more 
processors, such as processor 504. Processor 504 is connected to a 

20 communication infrastructure 506. Various software embodiments are described 

in terms of this exemplary computer system. After reading this description, it will 
become apparent to a person skilled in the relevant art how to implement the 
invention using other computer systems and/or computer architectures. 

Computer system 500 also includes a main memory 508, preferably 

25 random access memory (RAM), and can also include a secondary memory 510. 

Secondary memory 510 can include, for example, a hard disk drive 512 and/or a 
removable storage drive 514, representing a floppy disk drive, a magnetic tape 
drive, an optical disk drive, etc. Removable storage drive 514 reads from and/or 
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writes to a removable storage unit 518 in a well known manner. Removable 
storage unit 518 represents a floppy disk, magnetic tape, optical disk, etc. which 
is read by and written to by removable storage drive 514. As will be appreciated, 
removable storage unit 518 includes a computer usable storage medium having 
stored therein computer software and/or data. 

In alternative embodiments, secondary memory 510 may include other 
similar means for allowing computer programs or other instructions to be loaded 
into computer system 500. Such means can include, for example, a removable 
storage unit 522 and an interface 520. Examples of such can include a program 
cartridge and cartridge interface (such as that found in video game devices), a 
removable memory chip (such as an EPROM, or PROM) and associated socket, 
and other removable storage units 522 and interfaces 520 which allow software 
and data to be transferred from removable storage unit 522 to computer 
system 500. 

Computer system 500 can also include a communications interface 524. 
Communications interface 524 allows software and data to be transferred between 
computer system 500 and external devices, such as image capturing means 212 
and 214. Examples of communications interface 524 can include a modem, a 
network interface (such as an Ethernet card), a communications port, a PCMCIA 
slot and card, etc. Software and data transferred via communications interface 
524 are in the form of signals which can be electronic, electromagnetic, optical or 
other signals capable of being received by communications interface 524. For 
example, signals 262 and 272 are provided to communications interface via a 
channel 528. Channel 528 carries signals 262 and 272 and can be implemented 
using wire or cable, fiber optics, a phone line, a cellular phone link, an RF link and 
other communications channels. 

In this document, the terms "computer program medium" and "computer 
usable medium" are used to generally refer to media such as removable storage 
device 5 1 8, a hard disk installed in hard disk drive 5 1 2, and signals provided via 
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channel 528. These computer program products are means for providing software 
to computer system 500. 

Computer programs (also called computer control logic) are stored in main 
memory 508 and/or secondary memory 510. Computer programs can also be 
received via communications interface 524. Such computer programs, when 
executed, enable computer system 500 to perform the features of the present 
invention as discussed herein. In particular, the computer programs, when 
executed, enable processor 504 to perform the features of the present invention. 
Accordingly, such computer programs represent controllers of computer 
system 500. 

In an embodiment where the invention is implemented using software, the 
software may be stored in a computer program product and loaded into computer 
system 500 using removable storage drive 514, hard drive 5 1 2 or communications 
interface 524. The control logic (software), when executed by processor 504, 
causes processor 504 to perform the functions of the invention as described 
herein. 

In another embodiment, the invention is implemented primarily in hardware 
using, for example, hardware components such as application specific integrated 
circuits (ASICs). Implementation of the hardware state machine so as to perform 
the functions described herein will be apparent to persons skilled in the relevant 
art(s). 

VIIL Conclusion 

While various embodiments of the present invention have been described 
above, it should be understood that they have been presented by way of example 
only, and not limitation. It will be apparent to persons skilled in the relevant art 
that various changes in detail can be made therein without departing from the 
spirit and scope of the invention. The breadth of the present invention should not 
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be limited by any of the above-described exemplary embodiments, but should be 
defined only in accordance with the following claims and their equivalents. 
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What Is Claimed Is: 

1 . An apparatus for analysis of an object by use of reflected spectral 
imaging, comprising: 

(a) a light source for illuminating the object; 

(b) an optical filter disposed in the light path between said light 
source and the object and which, when illuminated, projects onto the object an 
image comprising a plurality of areas, each having a different known optical 
density; 

(c) a first polarizer for polarizing light from said light source; 

(d) an image capturing module for capturing an image reflected 
from the object at a depth less than a multiple scattering length, said reflected 
image traveling along a reflected light path between the object and said image 
capturing means; 

(e) a second polarizer disposed in said reflected light path 
between the object and said image capturing means, wherein a plane of 
polarization of said second polarizer is oriented approximately 90° relative to a 
plane of polarization of said first polarizer; 

(f) an image correcting and analyzing module coupled to said 
image capturing module for correcting and analyzing said reflected image; and 

(g) a calibration module for measuring the intensity of the light 
reflected from different points of the image projected by said optical filter onto 
said object, mapping the measurements to the optical densities known to be 
present at said projected image, and calibrating the apparatus using the mapping. 

2. A system for calibrating a reflected spectral imaging apparatus for 
analysis of an object, comprising: 

(a) means for filtering light where such means, when 
illuminated, projects onto an object to be analyzed an image comprising a plurality 
of areas, each having a different known optical density; 
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(b) means for illuminating said filtering means and said object; 

(c) means for measuring the intensity of the light reflected from 
different points of the image projected by said filtering means onto said object; 

(d) means for mapping the light intensity measurements taken 
at said points, to said optical densities known to be present at said points of the 

projected image; and 

(e) means for calibrating the reflected spectral imaging 
apparatus using the mapping between said light intensity measurements and said 
known optical densities. 

3. The system of claim 2, wherein said image, projected by said 
illuminating means and said light filtering means, is a well-defined image having 
a plurality of reference points. 

4. The system of claim 2, wherein said image, projected by said 
illuminating means and said light filtering means, comprises a plurality of 
concentric rings and a cross at the center of the rings, where the rings and cross 
each have different known optical densities. 

5. The system of claim 2, wherein said image, projected by said 
illuminating means and said light filtering means, is neutral with respect to optical 
density for a plurality of wavelengths. 

6. The system of claim 2, wherein said light filtering means is located 
in a probe used to direct light onto the object under analysis. 

7. The system of claim 2, further comprising: 

(f) means for comparing the current mapping with that of a 
prior calibration; and 
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(g) means for recalibrating the reflected spectral imaging 
apparatus in accordance with said current mapping. 



8 . A system for calibrating a reflected spectral imaging apparatus for 
analysis of living tissue, comprising: 

(a) an optical filter which, when illuminated, projects onto an 
object an image comprising a plurality of areas, each having a different known 
optical density; 

(b) a light source for illuminating said object; and 

(c) a calibration module for measuring the intensity of the light 
reflected from different points of said image projected by said optical filter onto 
said object, mapping the measurements to the optical densities known to be* 
present at said image, and calibrating the reflected spectral imaging apparatus 
using the mapping. 

9. The system of claim 8, wherein said image, projected by said light 
15 source and said optical filter, is a well-defined image having a plurality of 

reference points. 

1 0. The system of claim 8, wherein said image, proj ected by said light 
source and said optical filter, comprises a plurality of concentric rings and a cross 
at the center of said rings, where said rings and cross all have different known 

20 optical densities. 

1 1 . The system of claim 8, wherein said image, projected by said light 
source and said optical filter, is neutral with respect to optical density for a 
plurality of wavelengths. 



5 
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12. A method for calibrating a reflected spectral imaging apparatus for 
analysis of an object, comprising the steps of: 
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(a) creating an optical filter which, when illuminated, projects 
onto an object under analysis an image comprising a plurality of areas, each having 
a different known optical density; 

(b) inserting said optical filter in the path of a light source of 
the apparatus, between said light source and said object under analysis; 

(c) illuminating said object under analysis using said light 

source; 

(d) measuring the intensity of the light reflected from different 
points of said image projected by said optical filter onto said object; 

(e) mapping the intensity measurements to said optical densities 
known to be present at said points of said projected image; and 

(f) using said mapping to calibrate the reflected spectral 
imaging apparatus. 

13. The method of claim 12, wherein step (a) comprises creating an 
optical filter which projects a well-defined image having a plurality of reference 
points. 

14. The method of claim 12, wherein step (a) comprises creating an 
optical filter which projects an image comprising a plurality of concentric rings and 
a cross at the center of said rings, where said rings and cross all have different 
known optical densities. 

15. The method of claim 12, wherein step (a) comprises creating an 
optical filter that projects an image that is neutral with respect to optical density 
for a plurality of wavelengths. 

1 6. The method of claim 1 2, wherein step (b) comprises inserting said 
optical filter in a probe used to direct illumination onto the object under analysis. 
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1 7. The method of claim 1 2, wherein step (b) comprises inserting said 
optical filter at such a location in the path of said light source so as to project a 
focused image at the plane where imaging is being performed within the object 
under analysis. 

18. The method of claim 12, wherein step (f) comprises the steps of: 

(i) comparing said mapping to that of a prior 

calibration; and 

(ii) recalibrating the reflected spectral imaging 
apparatus in accordance with said mapping as necessary. 

19. A computer program product comprising a computer usable 
medium having computer readable program code means embodied in said medium 
for causing an application program to execute on a computer that calibrates a 
reflected spectral imaging apparatus for analysis of an object, said computer 
readable program code means comprising: 

(a) a first computer readable program code means for causing 
the computer to measure the intensity of the light reflected from different points 
of the image projected by an optical filter onto an object to be analyzed; 

(b) a second computer readable program code means for 
causing the computer to map the light intensity measurements taken at said points 
to the optical densities known to be present at said points of said projected image; 
and 

(c) a third computer readable program code means for causing 
the computer to calibrate the reflected spectral imaging apparatus using the 
mapping between said light intensity measurements and said known optical 
densities. 



WO 00/57146 



PCTAJS00/06587 




SUBSTITUTE SHEET (RULE 26) 



WO 00/57146 



PCT/USOO/06587 



2 / 5 OBJECT 




MODULE 

FIG.2 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



WO 00/57146 



PCT/USOO/06587 



4/5 



(sTART^ _/~402 



CREATE OPTICAL FILTER 

I 



PLACE OPTICAL FILTER IN 
PATH OF LIGHT BEAM 



FOR EACH REGION PROJECTED 
ON THE OBJECT BY OPTICAL 
FILTER, MEASURE INTENSITY 
OF REFLECTED LIGHT 



400 



404 



FOR EACH REGION, MAP THE 
INTENSITY MEASUREMENT TO 
THE KNOWN OPTICAL DENSITY 
OF REGION 



USE MAPPINGS TO CALIBRATE 
SPECTROPHOTOMETER OR VERIFY 
PREVIOUS CALIBRATION 



c 



END 



414 



FIG.4 



SUBSTITUTE SHEET (RULE 26) 



WO 00/57146 



PCT/USOO/06587 



5/5 



V 



COMMUNICATION 
INFRASTRUCTURE 



506 



512 




520 



PROCESSOR 



504 



MAIN MEMORY 



I 



508 



SECONDARY MEMORY 



HARD DISK DRIVE 



REMOVABLE 
STORAGE DRIVE 



COMPUTER SYSTEM 500 



510 



r 



INTERFACE 



514 



q518 



REMOVABLE 
STORAGE UNIT 



REMOVABLE 
STORAGE UNIT 



I 



524 



522 



^528 



COMMUNICATIONS 
INTERFACE 



V 








)__ 






COMMUNICATIONS PATH 
526 



FIG.5 



SUBSTITUTE SHEET (RULE 26) 



INTERNA! 1UIN AL, ^JyjVKCn KrLrtJKl 


Inter r lal Application No 
PTT/IK 00/06587 


A. CLASSIFICATION OFSUBJECT MATTER 

IPC 7 G01J3/28 G01J3/42 G01N21/27 




Accordino to International Patent Classification (IPC) or to both national classification and IPC 




a FIELDS SEARCHED 


Nfinimum documentation searched (classification system followed by classification symbols) 

IPC 7 G01J G01N 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Bectronic data base consulted during the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5 838 435 A (SANDISON DAVID R) 
17 November 1998 (1998-11-17) 
column 3, line 1 -column 4, line 18 

column 4, line 62 -column 5, line 36; 
figures 1-3 

EP 0 529 530 A (EASTMAN KODAK CO) 
3 March 1993 (1993-03-03) 
column 2, line 43 -column 3, line 25; 
figures 1,3,5 

US 5 321 970 A (DAVIES ANTHONY M C ET AL) 

21 June 1994 (1994-06-21) 

column 3, line 63 -column 6, line 43 

column 7, line 20 - line 26; figures 1-3 

-/-- 



1,2,8, 
12,19 
3,6,7,9, 
13,16,18 



1,2,8, 
12,19 



1,2,8, 
12,19 
3,6,9, 
13,16,17 



Further documents are listed in the continuation of box C. 



El 



Patent family members are listed in annex. 



• Special categories of cited documents : 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



7 July 2000 



Date of mailing of the international search report 



17/07/2000 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentiaan 2 
NL - 2280 HV Rijswljk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70)340-3016 



Authorized officer 



Stuebner, B 



Form PCT/1S A/210 (second sheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Inten nal Application No 

PCT/US 00/06587 



C(Contlnuatton) OOCUMENTS CONSIDERED TO BE RELEVANT 



Category • I Citation of document, with indication.where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 570 003 A (TOYOTA MOTOR CO LTD) 
18 November 1993 (1993-11-18) 
page 7, line 35 - line 56 
page 11, line 22 -page 12, line 15 

EP 0 444 689 A (X RITE INC) 

4 September 1991 (1991-09-04) 

column 12, line 16 -column 13, line 31 



1,2,8, 
12,19 



1,2,8, 
12,19 



Form PCT/ISAJ210 (continuation of second sheet) (July 1 992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

information on patent family members 



lal Application No 

PCT/US 00/06587 



Patent document 




Pi ihlirtaHnn 


Patent family 


Publication 


cited in search report 




date 


member(s) 


date 


US 5838435 


A 


17-11-1998 


NONE 






EP 0bZ9bJU 


A 




US 


5323179 A 


£ i \J\J L^U+T 








DE 


69225442 D 


1 Q_nfi-1 QQQ 
AO UU X 7 70 








DE 


69225442 T 


0^-19-1 9Q8 

Uj 11. 1 3?0 








JP 


5201051 A 


1U UO 


US 5321970 


A 


21-06-1994 


GB 


2248925 A, 8 


22-04-1992 


EP 0570003 


A 


lo-il-iyyi 


JP 


5322655 A 


U/ It 1?3J 








ID 


bJcdozf A 


ft7_1 9-1 QQ^ 

U/ 1c 1^7270 








JP 


2790750 B 


07_AQ_1 QQQ 








JP 


5324850 A 


10-12-1993 








EP 


0961475 A 


01-12-1999 








US 


5502799 A 


26-03-1996 


EP 0444689 


A 


04-09-1991 


CA 


2037324 A 


02-09-1991 








DE 


69115523 D 


01-02-1996 








0E 


69115523 T 


13-06-1996 








JP 


4218734 A 


10-08-1992 








US 


5691817 A 


25-11-1997 



Form PCT/1SA/210 (patent family annex) (July 1992) 



PAGE BLANK (MSPTO) 



